Abstract
6 the number of generations required to achieve homozygous lines from six or more to just two 166 generations 30 . Despite this, DH technology has some disadvantages: it can be expensive, requires 167 specialist skills, restricts recombination to a single round of meiosis, and has a variable success rate 168 that may be genotype-dependant 31 . The approach can also be labour intensive for large populations, 169 especially those requiring removal of the embryos from the seed coat. Notably, there is the potential 170 for SB to further accelerate the production of DH lines by speeding up the crossing, plant 171 regeneration and seed multiplication steps.
173
We have presented a design for building a low-cost benchtop growth cabinet to trial SB. Compared 174 to other published protocols for self-made growth chambers 32,33 , our design makes use of a more 175 widely available control system using a Raspberry Pi and compatible sensors, with codes for the user 176 interface (UI) freely available from GitHub (https://github.com/PhenoTIPI/SpeedSeed3/wiki). The Supplementary Table 3 ).
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Limitations of the approach 183 Different plant species can have markedly different responses when exposed to extended 184 photoperiods. For long-day (LD) plants, time to flowering is often accelerated under extended 185 photoperiods since the critical day length is generally exceeded. This is also the case with day-186 neutral plants, where flowering will occur regardless of the photoperiod. In contrast, short-day (SD) 187 plants require the photoperiod to be below the critical daylength to flower 34 , which could be at odds 188 with SB conditions. However, there are exceptions and some species show a facultative response 189 where, although flowering is promoted by a particular photoperiod, flowering will still occur in the 190 opposite photoperiod. Furthermore, the time difference between being a SD or LD plant can be a 191 matter of minutes 35 . These factors highlight both a limitation of SB and a point of flexibility. In cases 192 where the photoperiod response is unknown or complex in nature, experimentation of light and 193 temperature parameters is required to optimise a SB strategy, for example, by using the benchtop 194 growth cabinet. For instance, applying extended light prior to and following a shortened 195 photoperiod to induce flowering, could hasten initial vegetative growth and accelerate maturity, 196 respectively, thus producing an overall shorter generation time. Such an approach has been 197 successfully applied to amaranth (Amaranthus spp. L), a SD species, where a 16-hour LD photoperiod 198 was used to initiate strong vegetative growth after which plants were transferred to an 8-hour SD 7 photoperiod to induce flowering 36 . The overall effect was a shorter lifecycle and ability to produce 200 eight generations per year rather than two in the field. The need for vernalisation, such as in winter 201 wheat, creates a situation similar to above. Young plants require chilling for a number of weeks to 202 trigger the transition to flowering. Once the vernalisation requirement is met in winter wheat, 203 exposing the plants to extended photoperiod is likely to accelerate growth 37, 38 . Overall, the 'SB 204 recipe' is more straight forward and easier to implement for LD and day neutral species which do 205 not require vernalisation. Experimentation and optimisation of parameters are highly recommended 206 for each species.
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The SB protocols presented here take place in an enclosed, artificial environment, which differs 209 significantly from the field where eventual crop production may occur. While this is acceptable for 210 many activities, such as crossing, SSD and screening for some simple traits 1 
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The initial investment to build a glasshouse or purchase a growth chamber with appropriate 219 supplementary lighting and temperature control capabilities is substantial if these facilities are not 220 already available. However, depending on the budget of the research or breeding program, the 221 benefits may outweigh the costs. For instance, an economic analysis performed by Collard et al.
222
(2017) 39 compared the rapid generation advance (i.e., no phenotypic selection at each generation) 223 with the pedigree-based breeding method (i.e., with phenotypic selection at each generation) for 224 rice and determined that rapid generation (achieved through restricted soil access and canopy 225 thinning) was more cost-effective and advantages would be realized after one year even if new 226 facilities were constructed. Nevertheless, most breeding programs have pre-existing glasshouse 227 facilities that can be converted for SB applications, but careful selection of energy efficient lighting 228 and temperature control systems are needed to minimise operating costs. Research activities often 229 do not require the high plant numbers needed in breeding, so growth chambers are common. The 230 cost of these start at tens of thousands of dollars, making them inaccessible for many projects and a 231 barrier for implementing SB. In addition, the energy to provide extended supplementary lighting is 232 significant. A cost-benefit analysis should be carried out to determine feasibility although there are 
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The investment in SB needs to be weighed in terms of the potential benefits to variety development 240 and research output. As with most technologies, determining the optimal way to integrate SB in a 
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Even incandescent lighting has been shown to accelerate flowering in clover 6 . However, 250 selection should be based on the space available, plant species and energy resources. For 251 example, LED lighting may be preferred due to its energy efficiency although simple 252 incandescent lighting may be suitable within a smaller area, with sufficient cooling to 253 counteract the higher heat output. Plant species may also differ in their response to the 254 different spectra of wavelengths emitted by different lighting sources so this should be carefully 255 considered. The lighting setup for glasshouses and growth chambers detailed in this protocol 256 can act as a starting point but is by no means the final conditions that may be optimum for 257 another situation. The protocols outlined here have been successful for the species trialled but 258 a modified approach may be more suitable for another crop. We recommend mining existing 259 literature and studies on suitable light spectra (particularly with regard to blue to red ratios, red 260 to far-red ratios, and the proportional level of UV light that may be introduced into the system) supplementing the ambient lighting with LEDs or SVLs. We highly recommend that 338 measurements of the light spectrum are taken prior to commencement of the SB experiment.
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In addition to controlling the light quality, we recommend a photosynthetic photon flux density 
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iii. SSD trays: For demonstration, at UQ, three seedling tray types with increasing sowing 416 densities were used. The dimensions and volumes are given in Supplementary Table 7 . The 417 soil media composition is given in Supplementary Table 4 .
419
Caution: Energy tariffs can vary according to the time of day, depending on peak energy 420 usage patterns in the location. Substantial savings can be achieved by programming the dark 421 period to coincide with the energy tariff imposed during peak electricity consumption. In this section, we provide detailed protocols for the SB setups discussed in the previous section. 
459
The circuit diagram for making the connections are provided in Supplementary Figure 3 and a 460 photograph of the assembled cabinet is provided in Supplementary Figure 4 The PPFD values and spectrum at various distances from the lights are provided in Supplementary   Table 8 and Supplementary Figure   8 .
Photoperiod of 22 hours, followed by 2 hours of darkness.
The PPFD values and spectrum at various distances from the lights are provided in Supplementary   Table 9 and Supplementary Figure   9 . 
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For wheat and barley, we have also previously demonstrated how SB conditions do not 546 interfere with the phenotyping of a number of key traits 1 , and how variations of the SB 547 protocol can be used to rapidly screen wheat and barley for resistance to a number of major 548 diseases or disorders (Table 4) . Figure 2) . Apply a liquid fertiliser with a broad range of nutrients to the soil and as a foliar spray.
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Seeds do not germinate.
• Seed harvested too early and are not viable.
• Seeds are dormant.
Harvest seed slightly later.
Store the seeds for a few additional days or weeks before trying again. 
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The self-made, bench-top speed breeding cabinet will facilitate identification of conditions that 
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Plants grown under SB can be expected to look healthy ( Figure 1 ) with minor reductions in seed set 608 (refer to Table 3 in order to view the related data for the crop of interest) and spike size 609 ( Supplementary Figure 12) or pod size ( Supplementary Figures 13 and 14 
